Introduction
Neglected tropical diseases (NTDs) occur in some parts of the world, mainly in subtropical and tropical areas. Leishmaniasis, malaria, and Chagas disease are considered NTDs, occurring mainly in tropical regions and affecting people living under absolute poverty (on about US$1.00 a day).
1,2 Additionally, HIV infections have increased in these regions, and naturally, overlapping between NTDs and HIV has taken place. Malaria, leishmaniasis, and Chagas disease are affected by coinfection with HIV, mainly in terms of clinical expression, therapeutic failure, and diagnosis. 3 Of note, diagnosis of NTDs in HIV coinfection has been observed to be particularly difficult, due to the decrease in sensitivity of traditional immunological methods and the unusual manifestations of leishmaniasis, malaria, and Chagas disease. 3 The gold standard diagnostic method for malaria, leishmaniasis, and acute Chagas disease is direct demonstration of the parasite by microscopy techniques. [4] [5] [6] This diagnostic method is inexpensive and can be conducted under field conditions, as it requires little structure. Once the parasite is seen, diagnosis can be made accurately. However, false-negative results are the inherent problem in the direct demonstration of parasites by microscopy. Causes of false-negative diagnosis may be low parasite load, lack of a well-trained expert to identify the parasites, and delayed diagnosis. [7] [8] [9] Another limitation of microscopic methods is the identification of species of the causal agent, which is not possible for leishmaniasis and Chagas disease but possible for malaria, despite high error rates. 10 Other diagnostic methods have improved aggregate sensitivity and specificity relative to conventional techniques. In this scenario, the polymerase chain reaction (PCR) has contributed to improving the sensitivity and specificity of the diagnosis of these diseases throughout the world and, therefore, it has been increasingly used. [11] [12] [13] [14] In this article, we discuss the clinical manifestations and laboratory diagnosis of NTDs (malaria, leishmaniasis, and Chagas disease) in relation to HIV infection.
HIV Infection
The number of people who are newly infected with this virus continues to decline in most parts of the world. Yet, there were 2.1 million new HIV infections and 1.5 million acquired immune deficiency syndrome (AIDS)-related deaths in 2013, with the major proportion of these individuals living in subSaharan Africa. 15 A Joint United Nations Programme on HIV and AIDS (UNAIDS) report shows that 19 million of the 35 million people living with HIV today do not know that they have the virus. 16 The vast majority of people living with HIV are in low-and middle-income countries. According to the World Health Organization (WHO), sub-Saharan Africa is the most affected region, with 24.7 million people living with HIV in 2013. 15 Seventy-one percent of all people living with HIV in the world live in this region. Even today, despite advances in our scientific understanding of HIV and its prevention and treatment, most people living with HIV or at risk for HIV do not have access to prevention, care, and treatment, and there is still no cure for the disease. 16 However, effective treatment with antiretroviral drugs can control the virus so that individuals with HIV can enjoy healthy lives and reduce the risk of transmitting the virus to others. The HIV epidemic not only affects the health of individuals, it also affects households, communities, and the development and economic growth of nations. 15 Many of the countries most affected by HIV also suffer from other infectious diseases such as NTDs. Due to the spread of HIV infection and overlap with NTD transmission, the burden of tropical diseases in these HIVinfected individuals is increasing around the world.
Malaria
According to the 2014 World Malaria Report, 198 million cases of malaria occurred globally in 2013 and the disease led to 584,000 deaths. 16 As Plasmodium falciparum malaria and HIV have similar global distribution, with the majority of people affected living in sub-Saharan Africa, the Indian subcontinent, and Southeast Asia, interactions between the two diseases pose major public health problems. 17 Because the control of malaria parasitemia is mediated by the immune system, in theory, severely immunosuppressed HIV-infected patients should have more parasitemia episodes and clinical manifestations. 18 Furthermore, malaria infections have been shown to cause an increase in plasma HIV viral load and to be associated with a more rapid decline in cluster of differentiation 4 (CD4+) cells over time. [19] [20] [21] HIV disease progression and transmission are strongly associated with blood viral load. Therefore, high concentrations of HIV-1 RNA can be predictive of disease progression and correlated with the risk of blood-borne, vertical, and sexual transmission of the virus. 19 Although the five species of parasites of the genus Plasmodium can be involved in the coinfection, the interaction between HIV and P. falciparum is the most widely studied because of its predominance in Africa and the severity associated with this species. 22 The clinical pattern of severe malaria varies in different epidemiological settings. Clinical manifestations depend on the background level of the acquired protective immunity, which varies according to the pattern and the intensity of malaria transmission in the area of residence. In places where populations are continuously exposed, adolescents and adults are partially immune and most often present mild disease or asymptomatic parasitemia, while severe manifestation is acquired early in childhood. In areas of unstable or low transmission, individuals of all ages can have acute clinical malaria, with a high risk of progression to severe malaria, if untreated. 23 Pregnant women have increased parasite densities, are more susceptible to infection than other adults, and present risk of placental malaria and higher infant mortality. 24 Malaria caused by P. vivax has been usually considered benign; however, over the past years, there have been increasingly frequent reports of severe malaria caused by P. vivax in different regions. The main signs of severity were severe thrombocytopenia, severe anemia, hepatic dysfunction, metabolic acidosis, and renal dysfunction. Mortality due to P. vivax infection is reported to be around 0.1%. 25, 26 The interplay between HIV infection and malaria varies according to this dynamics of malaria transmission. In theory, in areas with a high prevalence of HIV infection and a low occurrence of malaria, the effect of HIV infection on malaria is more noted, as there higher proportion of symptomatic cases is found among adults. In regions of unstable malaria, the concept that HIV infection could increase morbidity and mortality attributable to malaria is well established, especially in patients with severe immunosuppression 3, 24 Some reports have shown that the occurrence of severity and mortality due to malaria in areas of stable transmission is also affected by HIV infection. A study conducted in Maputo, Mozambique, an endemic area for malaria, demonstrated an increase of severity and mortality due to malaria in coinfected patients, compared to patients without HIV. 17 Another study carried out in Zambia, an area with high malaria transmission, found that HIV-1 infection was a highly significant risk factor for adults with severe malaria, compared to controls with uncomplicated malaria and asymptomatic controls. 27 Regarding women of childbearing age, in regions of stable malaria, the immunity developed by women over the years is impaired by pregnancy. In this period, there is a placental replication of parasites; however, local immune response increases during subsequent pregnancies. 3, 24 Nevertheless, data from immunological studies indicate that HIV impairs this parity-specific immunity. HIV-infected pregnant women are at increased risk of parasitemia, clinical malaria, severe anemia, and placental malaria. Furthermore, malaria infection can also influence the dynamics of HIV transmission from mother to fetus. 3, 24, 28 Regardless of study population, it is important to note that most data describe the effect of HIV on malaria in heterogeneous groups, with respect to the use of antiretroviral treatment, prophylactic regimens, and other factors. Aspects of specific populations need to be further investigated, in addition to strategies to reduce the occurrence of parasitemia and clinical malaria in HIV-infected patients, such as the use of cotrimoxazole prophylaxis. 29 Laboratory diagnosis of malaria is traditionally made by demonstrating the presence of parasites in erythrocytes. On the other hand, the microscopic examination of thick and thin blood smears is considered the gold standard test due to its many advantages, such as accuracy, availability, low cost, and ability to quantify parasites and monitor parasite clearance. 9, 30 Nevertheless, key quality recommendations are necessary for an efficient microscopic examination as it requires expertise, including a trained microscopist, proficiency/competency assessments, internal quality control, and standard slide sets. Besides microscopy, other techniques such as rapid diagnostic tests (RDTs), serological assays, and molecular assays have been used successfully to diagnose malaria infections. RDTs have emerged as a promising alternative to microscopy for malaria diagnosis and have been listed as an acceptable means of diagnosis in recent WHO guidelines because of their simple concept and use, rapid results, and the fact that they can detect P. falciparum and other species. 23 Some disadvantages of these tests include their high cost, if used at the population level, being less sensitive than expert microscopy and molecular assays and not amenable for use in monitoring parasite clearance due to antigen persistence. 9 These immunochromatographic tests rely on the detection of parasite-specific antigens in blood samples with the use of monoclonal antibodies immobilized on test strip membranes using capillary and lateral flow technology. Malaria RDTs are currently used in some clinical settings and programs. 5 Serological assays for immune responses against Plasmodium spp. are used less often for acute disease diagnosis because the presence of antibody could refer to either a past or present infection and also because they do not discriminate between infection and disease. These assays can be useful for detecting specific humoral immune responses and for providing an estimate of past exposure or immune responses to a candidate vaccine. 5, 9 Molecular tools offer advantages relative to the microscopic examination of blood smears. These molecular techniques overcome some limitations of conventional techniques; therefore, they have been increasingly used for the diagnosis of malaria. PCR assays have dramatically increased the analytical sensitivity of diagnosis while enabling the analysis of many malaria cases at the same time, monitoring of parasitemia, identification of the parasite species, and detection of mixed infections and Plasmodium infections with low parasite load. 7, [31] [32] [33] PCR has contributed to the diagnosis of disease in pregnant women in countries where malaria and HIV are endemic. PCR has increased the detection of parasites in peripheral blood, placenta, and umbilical cord blood of pregnant women, when compared to detection by microscopy. 34, 35 Increase in parasite detection in pregnant women with HIV allows the detection of subclinical infections and provides for remedial measures such as the use, during pregnancy, of drugs known to decrease parasite load of Plasmodium in the circulating blood, placenta, and umbilical cord blood, thus reducing the possibility of maternal-fetal transmission. 35, 36 The reverse transcriptase quantitative PCR (RT-qPCR) approach has been used to quantify circulating gametocytes in the blood of human hosts, which contributes to the transmissibility of malaria, because the amount of gametocytes influences the transmission to the insect vector and, as a consequence, increases the chance of infecting new hosts. Assays using primers specific for male and female gametocytes and even species-specific sequences showed satisfactory levels of detection, even when gametocytes were circulating in small amounts in residents of areas of low transmission of the disease. [37] [38] [39] Loop-mediated isothermal amplification (LAMP) is a chemical method of DNA amplification that does not require a thermocycler, ultraviolet light, cooled stock reagents, and highly trained professionals; therefore, it is called a field-friendly technique. 40 Many reports have assessed the performance of LAMP in malaria diagnosis, even in countries with intensive intervention to eliminate the disease. The LAMP assays commonly present diagnostic efficacy similar to the nested PCR assays, considered by many articles the gold standard. [41] [42] [43] These reports showed that LAMP assays enable detection of P. falciparum and P. vivax at the species level and diagnose asymptomatic infections or low parasitic loads. 41, 43, 44 Molecular diagnosis may also facilitate the detection and identification of malaria cases in nonendemic countries, where individuals may become infected when traveling for business or tourism. Considering that HIV is widely distributed throughout the world, HIV-positive tourists can become infected. Molecular tools, which are not often part of routine health centers in nonendemic countries, can be very useful for the diagnosis of malaria. Once HIV carriers present more severe symptoms of malaria, which is a life-threatening situation, a rapid and specific diagnosis is very important for the rapid commencement of treatment.
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Chagas Disease
Chagas disease occurs primarily in rural areas, and it is endemic in several regions of 21 countries in the American continent, from the south of the United States to Argentina. It has been estimated that 14 million people are infected with Trypanosoma cruzi and 60 million live in high-risk areas. The disease is caused by a protozoan called T. cruzi and it is transmitted mainly by the vectors' bite (triatomine insects). 47 However, transmission by blood transfusion can occur, mainly in nonendemic areas. 47 T. cruzi displays a relevant genetic variability shown by at least six discrete typing units (DTUs), from TcI to TcVI. 48 Studies showing the impact of this genetic variability on HIV coinfection are scarce. These studies 49, 50 have suggested a differential tissue tropism of the infecting DTUs and have reported mixed infections in coinfected patients, observing TcI and TcII-or TcI, TcV, and TcVI-in the blood, heart, and brain tissue of Chagas disease patients with HIV/AIDS coinfection with cardiomyopathy and encephalopathy. Among immunocompetent patients, Chagas disease can be present as an acute manifestation, but chronic forms are diagnosed more frequently. The main symptoms observed in acute form are fever, general malaise, inflammation of the inoculation site, periocular edema (Romaña sign), enlarged lymph nodes, and splenomegaly. About 5% of symptomatic cases die from meningoencephalitis, myocarditis, or both. After the initial phase, about 60%-70% of patients never develop symptoms (asymptomatic chronic phase). However, 40% can develop organ involvement a long time after the acute infection, characterized by myocardiopathy, megaesophagus, and megacolon. 51 The prevalence of Chagas/HIV coinfection around the world is difficult to establish. 52 Almeida et al 53 published a study involving 716 patients with HIV treated in a University Hospital in Brazil. Of these, nine individuals (1.3%) tested positive on serologic tests and were diagnosed with Chagas/HIV coinfection. T. cruzi infection behaves as an opportunistic parasite in individuals with HIV, but many questions related to coinfection, such as incidence, clinical and laboratory profile, treatment of Chagas disease, and better use of antiretroviral therapy, still need to be clarified 54 In people living with HIV, Chagas disease can assume characteristics of an opportunistic infection, mainly in patients with severe immunosuppression. 55 The clinical manifestation of this population reflects the reactivation of previous chronic T. cruzi. Reactivation can involve the central system nervous (CNS) and heart. 54 Involvement of CNS is the most frequent manifestation, occurring in 75% of coinfected patients that present reactivation. 54, 56 The most common clinical symptoms are fever, headaches, vomiting, and altered consciousness; classically, coma, focal motor deficit, and convulsion can be observed as a meningoencephalitis manifestation. 54 The CNS image obtained by computed tomography is characterized by single or multiple lesions, similar to those in toxoplasmosis, predominantly located in the white matter of the brain lobes, with the occurrence of perilesional edema, deviation of midline shift, and compression of ventricules. [55] [56] [57] High mortality rate is associated in most studies. Cordova et al 56 performed a retrospective study with a total of 15 patients, in which the global mortality was 79%. Mortality rates depend on the degree of immunosuppression, antiretroviral therapy use, delay in diagnosis, and antiparasitic treatment efficacy. 58 The second most common manifestation of Chagas/HIV coinfection is acute myocarditis, and it is usually associated with CNS involvement. Clinical manifestations include arrhythmias, hearth failure, pericardial effusions, and decompensation or accelerated progression of existing chronic heart disease. 59, 60 The search for a disease progression predictor has been pursued for a long time. Serum levels of brain natriuretic peptide (BNP) are a reliable indicator of the presence of systolic left ventricular dysfunction in patients with Chagas disease. 61 High levels of BNP are also indicative of ventricular arrhythmia and diastolic dysfunction. 62, 63 Moreover, BNP levels represent a strong predictor of the risk of stroke or death in longitudinal studies and might have a role in the clinical evaluation of patients with Chagas cardiomyopathy. 64 Levels of other biomarkers, such as cardiac muscle troponin T and several inflammatory cytokines (tumor necrosis factor and interferon-γ), correlate with the severity of cardiac disease and are candidate biomarkers to be used in clinical practice 65, 66 However, in HIV-coinfected patients, biomarkers have not been evaluated. Most probably, these patients present reactivation of chronic infection, so they develop severe clinical manifestations, due to low CD4+ T cell counts.
Laboratory diagnosis of Chagas disease. The main diagnosis method of acute Chagas disease is by direct search of the parasite and hemoculture, but it is rarely positive in chronic Chagas disease, except in HIV or immunosuppressed patients. Chronic Chagas disease can be detected by specific antibodies against T. cruzi, including use of techniques such as enzyme-linked immunosorbent assay (ELISA), indirect immunofluorescence, or hemagglutination. Two positive results using different methodologies, or two different antigens in ELISA, are sufficient to confirm the diagnosis in most patients, especially in combination with epidemiological data. 67 Inconclusive results of serological diagnosis in Chagas disease have an important impact on blood banks worldwide, reflected in the disposal of blood bags and an increased transmission by blood transfusion. Molecular techniques have been used for diagnosing and monitoring T. cruzi load in peripheral blood samples. 68 This promising perspective points to the possibility of detecting the parasite DNA in serum using the same samples collected for serological screening.
PCR has been increasingly used as an additional tool for the diagnosis of Chagas disease. During the acute phase of the disease, parasite loads are present in levels detectable by both conventional optical microscopy techniques and analysis of fresh buffy coat. 69 The onset of treatment during the acute phase has good resolution rates; therefore, PCR may help in the early diagnosis of Chagas disease. 13, 70 A decrease in parasite load is observed in the chronic phase, and the diagnostic method indicated at this stage is serology. But depending on the serological assay used, cross-reactivity with other parasites, such as Leishmania spp., or false-negative results may occur. Thus, some authors indicate PCR as an ancillary diagnostic tool at this stage. 6, 71 According to literature, the sensitivity of PCR in the chronic phase of Chagas disease is variable, and some studies have reported improvement in diagnostic sensitivity compared to serology and other diagnostic methods. 72 Regarding HIV patients, the use of PCR in the diagnosis of Chagas disease and monitoring of treatment efficacy is of paramount importance, as it is known that despite not completely eliminating the parasites, the treatment helps reduce the damage caused by the immune system in response to infection. 73 qPCR assay has been efficient in distinguishing between groups of patients coinfected with HIV and Chagas who did or did not relapse. 69 Although some studies show low sensitivity for PCR in diagnosis of Chagas disease, HIV patients usually have higher parasite loads even in the acute phase, which facilitates diagnosis. qPCR has been able to show the reactivation of the disease in these patients and also show that the chronic phase may have parasitemia levels similar to those in the acute phase of the disease. 55, 71, 72, 74 A major issue concerning the use of PCR in the diagnosis of Chagas disease is the identification of the DTU involved, which requires the association of some tests for the identification, thus making analysis time consuming and costly.
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Leishmaniasis
Leishmaniasis comprises a group of diseases that cause tegumentary or visceral lesions. It is caused by a protozoan from the genus Leishmania and 21 species are responsible for tegumentary (TL) or visceral leishmaniasis (VL).
12,76 Between 1.5 and 2.0 million new cases of both TL and VL are reported yearly. Ninety percent of TL cases occur in six countries, whereas 90% of VL cases occur in India, Nepal, Brazil, Sudan, Ethiopia, and Sudan. 76 The parasite is transmitted by the bite of the sandfly Lutzomyia in the New World and by Phlebotomus in the Old World, by inoculating the promastigote form of the parasite into the skin. 52 Species from the subgenus Leishmania can cause tegumentary or visceral lesions. L. donovani is the causal agent of VL in the Indian subcontinent, L. infantum in Europe and in some parts of Africa, and L. infantum chagasi in Latin America. 76, 77 There are 15 dermotropic Leishmania species belonging to the subgenus Leishmania and Viannia occurring only in Latin America. 12 Depending on the Leishmania species and host immune response, different clinical forms are reported. Classically, VL is characterized by splenomegaly, hepatomegaly, fever, and pancytopenia. 78, 79 Tegumentary leishmaniasis presents distinct forms and the main ones are as follows: 1) localized cutaneous leishmaniasis, characterized by a simple or multiple ulcer, can be caused by all dermotropic Leishmania species; 2) disseminated cutaneous leishmaniasis, characterized by multiple small ulcers; 3) diffuse cutaneous leishmaniasis is the anergic form of TL, characterized by multiple nodules or papules, generally presenting no ulceration; 4) mucosal leishmaniasis is mainly characterized by nasal involvement, presenting perforation or ulceration, which can also involve the palate and pharynx. 12 The spreading of HIV infection to rural areas and the urbanization of leishmaniasis has influenced the clinical progression and diagnosis of leishmaniasis. Concerning VL-HIV coinfection, the typical form, characterized by fever, splenomegaly, and hepatomegaly, is more common. [80] [81] [82] [83] However, atypical manifestations, including the involvement of the gastrointestinal tract and kidneys, have been reported, whereas diarrhea and cough are more prevalent in HIV-VL coinfected patients. 84, 85 Regarding TL in HIV-infected patients, there are few reports in the literature. Clinical manifestations of TL in HIV-infected patients are diverse, and they depend on the immunological status of the patient. The reported typical lesions are similar to those observed in non-HIV-infected patients; however, unusual manifestations can occur due to severe immunosuppression. 86 Atypical manifestations are characterized by genital lesions and mucosal lesions associated with cutaneous lesions; 87 in addition, TL can be secondary to immune reconstitution inflammatory syndrome. [88] [89] [90] Laboratory diagnosis of TL. Parasitological diagnosis of TL is based on the search for amastigotes using light microscopy to examine the biopsy specimen, scrapings, or impression smears subjected to Giemsa staining. Biopsy and aspirate samples can be further cultured in blood agar base (Novy, McNeal, and Nicolle medium) or injected into susceptible animals, such as hamsters, for parasite recovery. 12 The immunological diagnostic test, anti-Leishmania delayed-type hypersensitivity, reveals Leishmania infection, and therefore, it is used in epidemiological studies to determine the prevalence of infection. However, the test does not distinguish between present and past infection. 91, 92 The most commonly used assays for serodiagnosis in leishmaniasis are the indirect immunofluorescence assay and ELISA, which have shown a low sensitivity depending on the antigen preparation used. [93] [94] [95] [96] Data from HIV/Leishmania-infected individuals using immunological tests and the observations collected in the Mediterranean area showed a relatively low sensitivity. 82 Nevertheless, in coinfected patients in Brazil, sensitivity was not low, showing 77% positivity in serology. 87 Approaches for the detection of the etiological agent have relatively low sensitivity, and different methods do not identify the species of Leishmania. 2 Thus, recent efforts are aimed at developing assays to detect the parasite DNA. The use of PCR in the diagnosis of cutaneous leishmaniasis contributes to a sensitive detection of the parasite and also allows its identification. This is crucial as there are many species that can cause cutaneous leishmaniasis, and they are often endemic and present in the same area. 96 The differentiation of the species causing cutaneous leishmaniasis becomes even more important in the case of HIV-positive patients, because they have a higher chance of having the most severe clinical forms of the disease as well as its most unusual clinical forms. 12 Some targets widely used to detect Leishmania spp. are small subunit ribosomal DNA, microsatellite, internal transcribed spacer, mini-exon, and heat shock protein sequences. [97] [98] [99] [100] Due to their sensitivity, these sequences enable distinction among the main species causing TL in South America, when associated with nested PCR, restriction fragment length polymorphism, or sequencing. Although present in lower copy numbers than kinetoplast DNA (kDNA), these targets have high sensitivity to detect parasites as well. 64, [101] [102] [103] Laboratory diagnosis of VL. Direct demonstration of Leishmania parasites in bone marrow aspirate or other biologic specimens is the most reliable diagnostic technique in the setting of VL-HIV coinfection. However, invasive procedures require trained physicians and the expertise and persistence of microscopists, factors of utmost importance for the final performance of the test. The bone marrow is the most commonly used biological material for further parasitological confirmation of Leishmania infection in the Americas, exhibiting high sensitivity. 104, 105 Serological tests have a high diagnostic value for VL diagnosis in immunocompetent patients, [106] [107] [108] but their value is limited in HIV-infected patients. [105] [106] [107] [108] [109] According to data obtained from a study evaluating the accuracy of invasive and noninvasive tests for diagnosis of VL in a large series of HIV-infected patients at a reference center in Brazil, serological tests, such as indirect fluorescent antibody test and ELISA, showed lower sensitivity (,60%) when compared to the direct agglutination test (DAT), the sensitivity of which was 85%. 105 DAT is considered a highly sensitive and easy-to-use test and may be a good alternative for screening VL in HIV-infected patients. Molecular methods based on PCR have been evaluated as sensitive and specific methods to diagnose leishmaniasis both in non-HIV-infected and in HIV-infected patients. The parasite remains persistently in the peripheral blood and in the lesions, in VL and TL, respectively, after specific treatment. In the context of HIV infection, PCR is a good method to measure relapse and reinfection. It has been used to monitor parasite load by realtime PCR (qPCR) in coinfected VL-HIV patients to predict relapse after treatment. A parasite load .0.03 parasites/mL in the third month after treatment represents about 100% sensitivity to predict relapse episodes. Similarly, a parasite load of 0.9% parasites/mL 12 months after treatment represents a high probability of relapse as well. 110 According to these data, Molina et al 110 consider that the treatment in coinfected VL-HIV patients is efficient if PCR results are negative twice 6 months after its completion. Although PCR shows high sensitivity and specificity in the diagnosis of VL and TL, it is not able to discriminate between active disease and asymptomatic VL. Yet, PCR is an excellent method in clinical practice, as it can be used with different types of biological specimens, including noninvasive samples.
111,112
Conclusion
Although there is an overlap between HIV infection and NTDs, changes in the clinical presentation and an increase of lethality and relapse in the NTDs have been observed. In this scenario, malaria, Chagas disease, and leishmaniasis have been affected to a greater extent. In HIV-infected patients, clinical presentation of malaria is related mainly to the severity of malaria caused by P. falciparum and increased motherto-fetus transmission. Clinical presentation of leishmaniasis can also be affected in HIV coinfection, as increase in lethality, relapse in VL-HIV coinfection, and atypical manifestations of VL have been reported. In addition, TL presents atypical manifestations, such as lesions in genital organs or manifestation of the immune reconstitution inflammatory syndrome. The same occurs in the case of Chagas disease, as the presence of lesions in the CNS and acute myocarditis has been described in HIV patients. Atypical manifestations or the increased lethality observed in this population coinfected with HIV and NTDs is directly related to the severe immunosuppression mediated by low count of T CD4+ cells, which leads to an increase in replication of both HIV and the pathogens causing NTDs. Laboratory methods based on detection of antibodies and cellular immune response are affected as a result of their low sensitivity. However, parasitological methods possess high sensitivity, and methods based on DNA detection are equally good to detect the parasite, to monitor therapeutic response, and to identify the species of parasite involved in the lesion, in the same manner as they have been used for leishmaniasis.
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